Edible oil is an important element in the diet of most transitional countries; nevertheless, little is known about the fatty acid composition of these oils. We examined the consumption of edible oils and the fatty acid composition of these oils obtained from a market survey conducted in seven Chinese provinces and in Beijing. Three days of measured household food intake from the 1997 China Health and Nutrition Survey households provided data on the consumption of edible oils. Edible oils sold in the capital cities of eight provinces were purchased. One hundred twenty-six samples, representing 14 different oils according to their labels, were assayed for their fatty acid content in 2001. Fatty acids were analyzed by standard gas chromatographic methods. More than 76% of households in China consume edible oil, providing an average of 29.6 g of edible oil per day to persons aged two years or older. Rapeseed was consumed by one-quarter of individuals. Rapeseed is rich in C22:1n9 cis (erucic acid). About 33% of edible oils differed from their labeled identification. Rapeseed oil, identified by the presence of  C22:1n9 (erucic acid) , was most frequently not labeled as such. In another 28% of the samples, trans isomers of linolenic acid were detected. Deviations from the label identification were more common in southern than in northern provinces. Regulations requiring complete labeling of mixed edible oils in China might help prevent unintentional consumption of fatty acids associated with adverse health outcomes. In particular, consumption of erucic acid and trans fatty acids might be reduced. The results suggest the need for closer control of food oil labeling in China, especially in the South.
Introduction
In low-and moderate-income countries in Asia, Africa, and the Middle East, edible oil represents a major element in the diet. As income increases and as urbanization occurs, the intake of edible oil goes up rapidly, particularly in low-and middle-income households [1, 2] . In the United States, labeling of saturated fats and other fats and widespread public education are used to promote consumption of more healthful edible oils. In 2003 the US Food and Drug Administration (FDA) added a requirement that foods must be labeled for their content of trans fatty acids, although the requirement does not go into effect until 2006. Recently the FDA reopened the period for comments on its consideration of adding criteria for trans fatty acids to health claims. Despite the greater importance of edible oils in the food-consumption pattern in transitional and poor economies, comprehensive food labeling is not typical in most countries, and little is known about the actual composition of many marketed edible oils. The Chinese diet is rapidly changing, with a remarkable increase in the consumption of affordable plant oils from 15 to 37 g per capita per day in the eight years from 1989 to 1997 [2, 3] . There has been extensive focus on the possible role of dietary oils as a key element in the shift from a high-fiber, low-fat diet to a refined carbohydrate-based diet of much higher energy density. In particular, the focus is on the role of such food-choice patterns in the development of obesity and associated chronic diseases [4] . However, little attention has been given to the changes in intake of fatty acids and the consequent potential health effects [4] . Given the increasing importance of oils in dietary intake in these countries in transition, it is important to begin to examine their composition. Some plant oils are promoted for their healthfulness, because they are unsaturated or contain omega-3 fatty acids or gamma linoleic acid. Other oils, however, may have high levels of saturated fatty acids, trans fatty acids, or other fatty acids that have potential adverse health effects, such as erucic acid or trans isomers of linolenic acid [5] [6] [7] [8] [9] . To understand more clearly the potential health implications of dietary fat changes in China, we examined consumption patterns of key edible oils and then assayed a representative sample of commercially available plant oils from Beijing and seven provinces in this food-consumption survey. The oils sampled were from various types of markets, a reflection of distribution channels in the provinces. The fatty acid profiles of the oils were assayed and compared with the information on the labels. We report here that there are numerous occurrences of mislabeling of commercial oils, and that some mislabeled oils may contribute undesirable fatty acids to the new Chinese diet. Our findings identify potential adverse outcomes related to particular fatty acids that may be revealed as the total dietary fat in China increases.
Methods

Edible oil samples
A total of 126 oil samples were collected and analyzed. The samples were collected by the Institute of Nutrition and Food Hygiene at the Institute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention. Samples were collected from Beijing, Shangdong, Henan, Jiangsu, Hubei, Hunan, Guizhou, and Guangxi Provinces. These are seven of the nine provinces represented in the current China Health and Nutrition Survey and one "mega-urban" area, Beijing, chosen to reflect the most modern eating patterns found in the elite urban areas of China. In each province all edible oils manufactured by local companies were purchased, and some oil samples not manufactured in the seven provinces plus Beijing were also purchased if the total number of samples from a province was less than 10. The oils were collected most frequently from supermarkets (62 samples, 49%), open markets (43 samples, 26%), the manufacturer (15 samples, 12%), and state stores (6 samples, 5%; all from Hubei). The labels on each bottle of oil were translated and interpreted at the Chinese Center for Disease Control and Prevention. The University of North Carolina-Chapel Hill coordinated receipt and shipment of survey samples, and sent coded samples to Wyeth Nutrition for analysis.
Fatty acid composition
Fatty acid analyses were conducted at Wyeth Nutrition (Radnor, Pa., USA). As an internal check, 12 coded samples selected at random were assayed at the University of North Carolina-Chapel Hill using different gas chromatographic parameters. Fatty acid methyl esters were prepared and extracted using a modified Morrison and Smith [4] boron trifluoride:methanol protocol. Gas chromatographic conditions used a Supelco Omegawax column (32 m, 0.32 mm internal diameter) that allowed separation of some cis and trans geometric isomers of linoleic and linolenic acids, identified by comparison to reference standards (Nu-Chek Prep, Elysian, Minn., USA). Cis and trans isomers of monenes coelute and cannot be quantified under these chromatographic parameters. Chromatography at the University of North Carolina-Chapel Hill was performed on a Perkin Elmer AutoSystem XL gas chromatograph with a 30 m × 0.25 mm inside diameter column, DB 225 (J&W Scientific, Folsom, Calif., USA). Fatty acids are reported as percentages of total fatty acids to the nearest 0.1%. Samples with fatty acid patterns (as identified by comparison with fatty acid databases [10] ) that were discrepant from the labeling were retranslated and reanalyzed to confirm the initial results. The typical run-to-run variation for fatty acids in a single sample in our laboratory is less than 2% relative standard deviation. The comparative weight percent results for fatty acids generated by the two laboratories differed by no more than 10%.
Dietary intake data China Health and Nutrition Survey
The China Health and Nutrition Survey (CHNS) is an ongoing longitudinal survey of households in nine provinces in China (Heilongjiang, Guangxi, Guizhou, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong). We draw on one round of data collected as part of the CHNS for 1997. The CHNS sample consists of 3,780 households from 188 villages plus urban neighborhoods. In 1997 we sampled more than 16,000 individuals. The sampling of the CHNS is described in more detail elsewhere [11] .
Collection of dietary data
A detailed layout of the dietary intake data is presented elsewhere [2] . The results are based on three days of household intake of oil, measured directly before and after use, and three consecutive days of 24-hour recall from each individual.
Fatty acids in Chinese edible oils
Results
Dietary intake of edible oils
Thirteen kinds of oils were consumed in the CHNS sample households. Table 1 presents the mean intake per capita, the proportion of the sample who consumed the oils, and the mean intake among those who consumed oil for all individuals aged two years or older in 1997. The most frequently consumed edible oils were peanut, rapeseed, and soybean. During the three survey days, the proportions of people who consumed these three oils were 31.6%, 24.1%, and 11.7%, respectively. About 8.1% of urban residents consumed salad oil, which is more expensive than rapeseed oil. Most consumers do not know that salad oil is actually a kind of deodorized rapeseed oil.*
The proportions of people who consumed mixing oil and palm oil were not high, but the intakes of the two oils were very high among those who did consume them. Mixing oils usually contain rapeseed oil, palm oil, and a little bit of sesame oil, which gives the oil a pleasant smell. Only 0.1% of the sample population consumed mixing oil, but the average intake for those who did consume it was 58.3 g per day. This is notable, as palm oil (i.e., red palm oil) is rich in β-carotene.
In other research on this same topic, we show that higher-income individuals consume more edible oil than those with lower incomes. Furthermore, we have shown in longitudinal research that there is a very high income elasticity for edible oil intake [12, 13] . That is, for each percentage increase in income, there is a corresponding increase in edible oil intake. Table 2 shows the commercially available types of oil and the number of samples of each obtained from Beijing and seven provinces. Sesame, peanut, rapeseed, salad, and soybean oil together represented 81% of the samples. Samples of a number of less frequently consumed oils were also obtained and analyzed, including teaseed, cottonseed, maize, perilla, and fungi oil. The names of some oils (mixing, salad, and health oils) did not indicate their contents.
Composition of edible oils
Most samples (85 of 126) had fatty acid profiles that corresponded closely with standard database values [10] . For 41 samples (32%) there was evidence of some deviation from the fatty acid pattern predicted by the label. Sesame oil is readily identified by the preponderance of oleic and linoleic acids; soybean by the ratios of oleic, linoleic, and α-linolenic acid; and peanut oil by the presence of C20, C22, and C24 saturated fatty acids. By regulatory definition, 5% to 60% of the fatty acids of rapeseed oil must be C22:1n9 (erucic acid), whereas low-erucic acid rapeseed oil (LEAR)(known also as canola oil in the United States) typically has less than 2% erucic acid, as permitted by the FDA. In Canada, edible oils may not contain more than 5% erucic acid, and infant formula in the European Community may not contain more than 1% erucic acid. Samples in which the proportion of C22:1n9 is between 2% and 35% are most likely contain some rapeseed oil, or they could represent a change in phenotype, or reversion, of the LEAR crop back to the native rape phenotype. Table 3 shows examples of fatty acid pat- * Please note that the lists of oils in the China food composition table and the oils noted in Table 1 are different from those actually sold and measured (and thus specified in Table 2 ). terns for three oils that corresponded to database values and three samples that differed from the expected fatty acid pattern. When the sample patterns were compared with identifying patterns of fatty acids, some fatty acid patterns were observed that varied from the claims on the product label. The most common discrepancy occurred when rapeseed oil was present but not specified on the label, which occurred in 10 samples a. The number of carbons in the fatty acid backbone is indicated by the number following the letter C. After the colon, the number of unsaturated double bonds in the fatty acid backbone is indicated. The number following the omega (represented by the letter "n") indicates the number of carbons from the methyl end of the fatty acid to where the first double bond occurs. b. c, cis; t, trans Fatty acids in Chinese edible oils (in table 3 , the sample labeled Hubei contained sesame oil with nearly 18% of its fatty acids as erucic acid). The presence of soybean oil without its being specified on the label was also common and was evident when linolenic acid levels were elevated without elevated levels of oleic or erucic acid. Of 26 samples labeled as sesame oil, 4 had evidence of the presence of rapeseed oil (30%-60% of total fatty acids), 2 contained soybean oil (20% and 70% of total fatty acids), and 1 other may have contained LEAR. The apparent inclusion of rapeseed oil among otherwise labeled oils was common among specialty oils. One of the two samples labeled as cottonseed was approximately 75% rapeseed oil, although cottonseed is considered an inferior oil. The single sample of fungi oil had a profile identical to that of rapeseed oil. The single sample of peanut oil from Hubei had a fatty acid pattern characteristic of cottonseed oil.
Of 23 samples labeled as rapeseed, 4 had fatty acid patterns identical to that of LEAR, with less than 5% erucic acid, and two contained intermediate levels of erucic acid (5.9% and 8.4%), possibly suggesting a reversion of the LEAR oilseed to the native rapeseed. Two samples labeled as rapeseed appeared to contain soybean oil (60%-70%), and one had a fatty acid pattern that suggested it was 100% soybean oil. The samples consisting of LEAR labeled as rapeseed are not strictly mislabeled according to species, but the percentage of erucic acid is not correctly indicated. In 21 of 28 cases where the labels "oil mixture" and "salad" were used, the oils were identified as either rapeseed or LEAR oil. Oils labeled with ambiguous names like "vegetable," "salad," and "mixing" nearly always contained LEAR or rapeseed.
There were many samples (36 of the 126 samples, or 28%) that contained trans isomers of linoleic and α-linolenic acid, indicating partial hydrogenation or possible thermal damage to the oil (table 4). Among oils labeled as "salad oil" or "mixing oil," nearly all samples (16 of 20 and 7 of 8, respectively) contained α-linolenic acid isomers.
Many oils labeled as other than rapeseed oil actually contained significant amounts of erucic acid. In Shangdong and Guangxi, there were no samples with more than 5% of fatty acids as erucic acid, but in 1 of 22 in Beijing, 3 of 15 in Jiangsu, 4 of 15 in Henan, 12 of 18 in Hubei, 9 of 13 in Guizhoui, and 12 of 15 in Hunan, erucic acid constituted more than 5% of fatty acids.
In the sample labeled teaseed oil that did not contain significant C22:1n9, 78% of fatty acids were oleic acid, and only 7.7% and 0.4% were linoleic acid and αlinolenic acid, respectively.
Discussion
Edible oil represents a major source of energy in all transitional countries. In China there has been a rapid rise in consumption of edible oil, with the intake more than doubling in the past decade [14] . The increase in dietary fat is related to improved income; total dietary fat has increased even more among higher socioeconomic subsets of the population [13] . This suggests that as income in China continues to rise, the level of dietary fat will continue to increase. This increase in total fat consumption is one reason that our findings are relevant. Adverse health outcomes related to dietary fat are generally only observed when total dietary fat is high; thus, our findings identify potential adverse outcomes related to particular fatty acids that may be revealed as total dietary fat increases.
This rapid rise in the consumption of edible oils in China may be linked with a number of potentially adverse health effects. One dimension rarely examined is the potential adverse health effects of the fatty acid composition of many of these oils [3] . The optimal balance of omega-6 and omega-3 fatty acids, for instance, has been related to a number of chronic diseases in the West, such as atherosclerosis, hypertension, and inflammatory diseases [7, 15] . Similarly, high levels of trans fatty acids and erucic acid are of concern [5, 6, 9, [16] [17] [18] .
Using individual fatty acid percentages to identify oils depends on each oil's having a stable but unique fatty acid pattern and accurate labeling borne out by analysis. We did not set quantitative criteria for identification of the presence of a nonlabeled oil, so there may be some misclassification in our tables. Similarly, the sampling plan was rather comprehensive and unbiased with respect to the possible presence of mislabeled product, but it was not intended to provide a representative sample of food oil consumption in China. Consequently, our results should be viewed qualitatively. At the same time, the differences from expected fatty acid patterns were sometimes pronounced, so we are confident that there are mislabeled oils in the Chinese marketplace, more frequently in the South than in the North. This research definitively shows that many Chinese are unknowingly consuming a variety of types and amounts of fatty acids considered unhealthful as hidden components in edible oil. Hidden rapeseed oil may increase the intake of erucic acid, since we found that about 15% of all samples in the current study contained more than 5% of fatty acids as erucic acid. The literature remains inconclusive about the possible harm from high intakes of erucic acid. Young animals have been disposed to develop cardiolipidosis [8] and reduced proliferation of platelets [5] , but there is no direct evidence of harm in young humans. The erucic acid intake among Chinese women appears to be greater than among women from eight other countries (Chile, Philippines, United States, Mexico, United Kingdom, Australia, Canada, and Japan), based on erucic acid levels in the breastmilk of Chinese women (1.2% of fatty acids, nearly 10 times the percentage in breastmilk of women from other countries; Yuhas R, Wyeth Nutrition, unpublished data). Unintentional maternal consumption of erucic acid from mislabeled oils may contribute to milk erucic acid, thus increasing the exposure of breastfed infants to erucic acid. Our data may be useful for the design of subsequent studies of the effects of erucic acid consumption in China, especially in southern China, where we found the most frequent occurrence of mislabeling.
The biological effects of erucic acid that have been discovered since the affirmation of LEAR as generally recognized as safe (GRAS) suggest new reasons for caution about the consumption of high levels (more than 2% of total fatty acid by FDA regulatory definition) of erucic acid in dietary fats. Similarly, there is a proposal before the Codex Alimentarius and another before the Chinese Government to limit the content of erucic acid in infants' diets.
Reversion of LEAR to the native plant can occur in field conditions. Variants of rape that have been specifically bred to contain extremely high erucic acid for industrial applications [19] may need to be segregated from other varieties intended to enter the human food supply.
Other plant oils contain lipid substances that may have physiological effects. For example, cottonseed oil contains gossypol, which affects the reproductive system and has been investigated as a male contraceptive agent [20] . Thermal processing may also affect the fatty acid composition of oils, producing trans geometric isomers of linoleic and α-linolenic acids [21] . The effects of dietary trans fatty acids have been studied mainly with respect to changes in blood lipoprotein levels, especially low-density lipoprotein (LDL) cholesterol. Consequently, the health effects of the increase in oil consumption during the shift to energy-dense diets in transitional countries may be compounded by increased consumption of unhealthful fatty acids.
Some oils in China are labeled not according to plant origin, but simply as "health oil." The high added value of oils promoted for health purposes, or expensive oils used for flavoring, may make them susceptible to mislabeling by addition of undeclared, less costly oils.
It is apparent from our results that there is little distinction in labeling between rapeseed oil and its LEAR counterpart. The unlabeled inclusion of rapeseed oil in unusual oils used for flavor, or represented as healthful, appears to occur with about the same frequency as its admixture with common edible oils in China, so there is no obvious association of mislabeling with the cost, availability, or use of oils. Our results also indicate that when oils are ambiguously labeled, it is likely they have also been subjected to thermal abuse. It is unlikely that consumers understand the consequences of consuming low-grade oil for their intake of isomers of fatty acids, including trans fatty acids. Perhaps manufacturers refine cottonseed oil and label it peanut or rapeseed oil to avoid a poor image associated with cottonseed oil.
By analyzing the pattern of fatty acids in food oils, we have obtained evidence that oils in China are often incompletely and incorrectly labeled. The presence of unlabeled oils may have health consequences by increasing the exposure to erucic acid or by adding isomers of fatty acids that may adversely affect health. The improved understanding of the consequences of consumption of rapeseed oil for the maternal diet similarly suggests that unlabeled oils consumed during lactation could contribute to the exposure of infants to higher than expected levels of erucic acid [7] . Estimates of the types of dietary fat consumed in China should consider the possibility that dietary survey data may misrepresent actual fatty acid intake.
